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Abstract. Sc'vet~7J hydlvxylated andlol" lnethoxylated coumalin 
delivatives were testecl fbl' thei,' relative cytotoxicity on, f'ou,' 
h,uman tumor cell lin,es (oral squamous cell ca,'cinolna HSC-2, 
HSC-3, melanoma A-375 a/7cl promyelocytic HL-60) and th,ree 
n0,7nal h.uman cells (gingival fibrobiast HGF, pe/'iodontal 
ligalnent f'iblvblast HPLF and pulp cell HPC). Tumol' cell-
specrfic cytotoxicity was detectecl in, all 6, 7-dihyc/roxy-substituted 
coum.ali/7s only. The obse,vations indicate that th,e tumol*speafic 
cytotox'icity of the naturally occu,l7ing cou,nalin. esculetin. can, be 
frtrth,e,' enhanced by p,'ope,' substitutions at 3- a/7,d/or 4-
position (,s') of the ,7roleculc'. Agalvse gel electrophoresis re,;ealed 
that esculetin an,d its cle!ivatives with tumol*specifl~c cytotoxicity 
induce intemuclc'osomal DNA fiagmentation in HL-60 cells. 
Coumarins are widely distributed in nature and exhibit a 
broad pharmacological profile, including anticancer activity 
(1). However, coumarin, 4 and 7= hydroxycoumarin when 
testecl 'against P-815 and P-388 tumor cells in vitro showed no 
antitumor potency (2). A Iater report sug>'ested that 
coumarin and 7-hydroxycoumarin inhibit the growth of 
tumors that have reached a certain size but did not prevent 
the form',rtion of tumors after exposure to the carcinogen (3). 
They have also been shown to stimulate apoptosis in HL-60 
cells 'and have direct antitumor (cytostatic) activity (4). There 
are also reports of antitumor effects of other natural and 
synthetic coumarins (5-1.2). Various coumarins, especially 
those possessing ortho-dihydroxyl functions, are capable of 
scavanging superoxide anions generated by activated 
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phagocytic neutrophils (13) and displayed marked cytotoxic 
effects (14). Esculetin (6 7-dihydroxycoumarin) is known to 
ind ce apoptosis in human leukemia cells by increasing the 
cytosolic translocation of cytochrome c and activation of 
cyste ne protease 32 kD  proenzyme (15). However, few 
efforts (14) have been made to establish the relationship 
between the structure and cytotoxic activity of coumarins in 
genaral or escul tin in particular. In ordeir to gain insight into 
the mode of cytotoxic action of coumarin derivatives and to 
apply hi knowledge for the development of more potent 
cytotoxic c umar n derivatives, we have screened some 
hydroxy at d coumarins for their effects on four human 
tumor cell lines (ora  qtiamous cell carcinoma HSC-2, HSC-
3, melanoma A-375, and promyelocytic leukemia HL-60) and 
three normal human cells (gingival fibroblast HGF, 
periodont l ligament f broblast HPLF and pulp cell HPC). 
Materials and Metho s 
C/7elnicals. The following chemicals were obtained from Tokyo Kasei 
Co., Tokyo, Japan: coumarin (C1) (C03 95), 7-hydroxycoumarin (C2) 
(H0236), 6,7-dihydroxycoumarin (C3) (E0386), 7-hydroxy-6-
methoxycoumarin (C4) (S367)> 7-hydroxy-4-methylcoumarin (C6) 
(M0453), 6-hydroxy-4-methylcoumarin (C7) (HI005), 6,7-dihydroxy-
4-me h),1coumarin (C8) (M0766), 7-methoxycoumarin (C12) 
(M1393), 6-methoxycoumarin (C13) (M1398), gallic acid (C24) 
(GOOI l), caffeic acid (C25) (CO002). The remaining chemicals were 
supplied as indicated: Dulbecco's modified Eagle medium (DMEM), 
RPMI 1640 medium (Gibco BRL, Grand Island, NY, USA); fetal 
bovine serum (FBS) (JRH Biosci., Lenexa, KS, USA); 3-[4,5-
dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide (MTT) (Sigma 
Chem. Ind., St. Louis, MO, USA). 
The synthesis of other coumarins (C5, C9-ll and C14-C23) 
tested wil  be reported elsewhere (16). ~ 
Cell culture. Human pro ye ocytic leukemia (HL-60) cells were 
maintained at 37'C in RPMI 1640 medium supplemented with 
lOc:'7c heat-inactivated fetal bovine serum (FBS) (JRH Biosciences, 
Lenexa, KS, USA) in a humidified 50/0 C02 'atmosphere. Human 
oral squamous cell carcinoma (HSC-2) cel]s were maintained as a 
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monolayer culture at 37' C in Dulbecco's modified Eagle medium 
(DMEM) (Gibco BRL) supplemented with 10% heat-inactivated 
FBS in a humidified 5% C02 atmosphere and subcultured by 
trypsinization. Human gingival fibroblasts (HGF) were isolated 
from healthy gingival biopsies of a 10-year-old female, as 
described previously (17). Cells between the fifth and seventh 
passages were used. 
Cytotoxic activity. Cells were incubated for 24 hours with graded 
concentrations of test samples in culture medium. Except in the 
case of HL-60 cells, the viable cell numbers were determined by 
MTT method (17). Trypan blue exclusion method was used in 
experiments with HL-60 cells. 
Assay for DNA fragmentation. HL-~O cells were lysed with 50 uL 
lysis buffer L50 mM Tris-HC1, pH 7.8, 10 mM EDTA, 0.5% (w/v) 
sodium N-1auroylsarcosinate]. The solution was incubated 
sequentially with 4 mg/mL RNase A for 60 minutes at 50'C, and 4 
mg/mL proteinase K for 60 minutes at 50~C. DNA was extracted 
and precipitated by ethanol, then dissolved in TE buffer (10 mM 
Tris-HCl, pH 7.4, I mM EDTA, pH 8.0). DNA, equivalent to 5 x 
105 cells, was applied to 1.8% agarose gel electrophoresis. The 
DNA fragmentation pattern was examined in photographs taken 
under UV illumination (18). 
Results and Discussion 
The structures of the coumarin derivatives screened for 
their tumor-specific cytotoxic potentials are shown in Figure 
1. Their estimated 50% cytotoxic concentrations (CC50 
values) for the four tumor cell lines and~ three other normal 
cells are summarized in Table I. Cytotoxicity data for two 
naturally occuring phenolic acids (gallic and caffeic acids) 
with certain structural analogies with the hydroxylated 
coumarins tested are also included in this table. 
In concentrations up to 200 ug/mL, no or only minimal 
cyiotoxicity of most coumarin derivatives could be detected in 
normal cells. On the contrary, however, concentration-
dependent cyiotoxicity for several of them were observed in 
tumor cell lines. Data summarized in Table I reveal that the 
CC50 Values for many of them for diverse tumor cell lines were 
less than 100 ug/ml. Such was specially the case for the four 6,7-
dihydroxycoumarin derivatives C3, C8, C16 and C20. Thus, 
although coumarin itself (C1) and its 7-hydroxy= (C2), 6-
methoxy-7-hydroxy (C4) and 5,6-dimethoxy- (C5) derivatives 
were relatively non-toxic to ail cell lines used, its 6,7-dihydroxy 
derivative (C3; esculetin) revealed a tumor cell line-specific 
cyiotoxicity with a selectivity index (SI)>5.1. These observations 
are in agreement with the reports that the secondary plant 
metabolite esculetin (C3) is cyiotoxic for human leukemia (15) 
and other tumor cell lines (14) and that it is relatively non-toxic 
to normal human cells (13). In addition, they define the 
minimal substitution pattern in the coumarin molecule 
necessary for obtaining cancer cell-specific cytotoxic agents. 
Amongst the eight 4-methylcoumarin derivatives (C6-
C13) tested> the most potent and tumor-specific cytotoxicity 
was observed in the 6,7-dihydroxylated molecule (C8) only. 
Analogous was also the situation for the 3,4-dimethyl- (C15-
C19) or 3,4-cyclo lkyl- (C20-C23) substituted coumarin 
derivatives. Although the SI values for all the four ortho-
dihydroxycoumarins tested were >5, such was not the case 
for ortho-dihydroxylated reference molecule caffeic acid (or 
for the trihydroxylated molecule gallic acid). These 
observations strongly suggest that 6,7-dihydroxycoumarin 
repres nts a spe ific pharmacophore moiety suitable for 
designing tumor-specific cytotoxic agents. 
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The mea;n SI va[ues of 6,7-dihydrcxycoumarin (C3) was less 
than that of its 4-methy] (C8) or 3,4-dimethyl (C16) or 3 ,4-
cycloalkyl (C20) derivatives. Since theoretically the alkyl-
substituted molccules should be more lipophilic than the 
parent molecule, their observed higher efficacy could as well 
be due to their better cellular bio-availabillty. If such were 
indeed the case, it should be possible to design tumor-specific 
cytotoxic agents, more potent than esculetln, by proper 
substituti(~ns in the 3 and/or 4 positions of the molecule 
However, for such purposes it is essential to establish that the 
cyiotoxic mech~nisms of the derivatives are simi]ar to that of 
thc parent molecule esculetln (C3) 
It bas been reported (15) that Induction of apaptosis by 
esculetin (C3) is Involved in its cytotoxic effects on HL-60 cells 
It was of interest, therefore, to check as to whether its alkylated 
derivatives could also induce DNA fragTnentation in these 
cells The results of an initial experilTlent shown in Figure 2 
revcal that such is indeed the case It seems reasonable, 
therefare, that a more potent or better bioavailable esculetln-
like ~Ind cancer cell line-specific cytotoxic agent Is an 
achlevable goal. Synthesis and/or search far naturally occurring 
6 ,7-dihy,droxycoumarins, with appropriate 3- and/or 4-
substltution patterns from plants and other natural sources. 
sccms to be a suitable means for achieving such goals 
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